In preliminary experiments in this laboratory, female rats generally had higher levels of plasma corticosterone than did males following rapid decapitation.
The present experiments were designed to explore further the possibility of a sex difference in pituitary-adrenal function . under resting conditions.
Because of an approximate 24-hr, or circadian (I 5) , rhythm of adrenal cortical secretion in the rat (I 4), comparisons between males and females were made at q-hr intervals throughout controlled 24-hr light-dark cycles. In view of the apparent absence of a sex difference in anesthetized rats (25j, adrenal cortical function was also studied fillowing the administration of pentobarbital during selected periods of the 24-hr day-night cycle. Because environmental lighting apparently exerts a synchronizing influence on the rhythm of adrenal cortical function in mice ( I S), several groups of rats were studied following a phase shift in lighting regimen. These studies were summarized in part in a previous report (I 5 At time of autopsy, the rats were removed individually from the animal quarters and decapitated within 20 sec. Blood was collected in heparinized beakers, a sample was taken for hematological study, and the remainder was centrifuged.
Leukocyte counts were done with routine laboratory methods. Individual plasma samples were frozen and stored for determination of corticosterone in o.5-ml aliquots according to the method of Silber et al. (31) as modified by Guillemin and coworkers
The results are expressed as pg corticosterone/ I00 ml plasma. At the end of 3 weeks, 35 rats of each sex were blinded by bilateral optic enucleation and 35 females were ovariectomized.
The intact, blinded, and ovariectomized rats were then subjected to a g-hr shift in lighting, with light administered daily from 1300 to 0300. Following a 3-week exposure to the changed light schedule, the 24-hr patterns of plasma and adrenal corticosterone were determined as described previously. ,411 statistical probabilities were derived from analyses of variance.
RESULTS
Adult males and females. Figure I approximate mid-points of sampling periods which were less than go min in duration.
As shown in Fig. IA , marked excursions were observed in the concentrations of plasma corticosterone in both sexes during the 32 hr of the experiment. Both males and females demonstrated the lowest levels during the 2300 and 0300 periods, and in each sex the first signs of a diurnal elevation in corticosteroid appeared at approximately 1 100. Whereas there was no sex difference at 0300, the peak level of females at 1900 was markedly higher than that of males.
Fluctuations were observed in the levels of corticosterone in the adrenals that were temporally related to those found in plasma (Fig. I&. As in plasma, there was no sex difference in corticosteroid concentrations in the early morning, and the subsequent peak was higher in females than in males. Figure  I C summarizes the variations observed in pituitary ,4CTH concentrations in adult males and females. As with the corticosteroids, fluctuations in content of ACTH were observed, and there was an apparent sex difference in the pattern of these fluctuations. In males, the highest levels were found in glands of rats killed at the first 0700 sampling; the lowest concentrations were obtained between 1500 and 2300, during and immediately following periods when the highest concentrations of corticosteroids were observed. In contrast, pituitaries from female rats had the lowest concentrations of ACTH in the early morning and the highest at I goo when corticosteroid levels were highest in both plasma and adrenals.
The leukocyte counts are presented in Fig. ID Fig. 2A ) differed in several respects from those of intact males. The most conspicuous difference appeared at the first (0700) sampling period when the levels recorded were higher than those obtained at the same time of day from intact males. A subsequent peak did appear in the castrated males, but at rgoo instead of at 1500 as in intact males. The pattern in ovariectomized females lacked the marked afternoon elevation that was found in intact females, and its temporal and quantitative features were similar to those of in tact males.
The variations in adrenal concentration of corticosterone in castrated males, Fig. 2B , were similar to those of intact males. However, the peak appeared at 1900 instead of at 1500. In contrast to the findings in plasma, high concentrations of corticosterone were not obtained at the first sampling period. The amplitude of changes in the adrenals of ovariectomized females was much reduced in comparison to that of intact females and the pattern resembled that of intact males. The changes observed in pituitary concentrations of ACTH in gonadectomized rats (Fig. 2C ) differed from those in intact animals.
In males there was a rise in ACTH in the evening, with a peak occurring at 2300. \ Pituitaries from ovariectomized females demonstrated a slight decrease in ACTH during the period of highest corticosteroid levels, a pattern similar to that seen in intact males.
Gonadectomized males and females showed decreases in circulating leukocytes during the I I 00-2300 period (Fig. 20) .
In both sexes the decreases were closely associated with elevations in corticosteroid levels. Sham-castrated males and females. As was the case with castrated males, the initial resting levels of plasma corticosterone in sham-operated rnales were relatively high (Fig. 3A) . The subsequent pattern of changes observed in this group included a secondary peak in corticosterone at 1900. The variations found in sham-ovariectomized females were quantitatively similar to those observed in intact females, and a conspicuous peak appeared at 1500. Figure 3B intact females: increasing amounts of ACTH were found in association with elevations in adrenal cortical activity. However, the two high levels at 0300 and 0700 were at variance with results obtained in intact animals.
males and females (Fig. 40) followed patterns that were similar to those seen in the other groups, although there was an extended depression in males from I goo to 0300.
Both sexes demonstrated a depression in the number of circulating leukocytes during or following elevations in corticosterone levels (Fig. :sD) . A conspicuous sex difference in levels of leukocytes, more marked than in previous groups, was observed in sham-castrated rats. Prejdertal males and females. As shown in Fig. 4A , variations in plasma corticosteroid in 3o-day-old males were temporally and quantitatively similar to those observed in adult males. In contrast, the 24-hr pattern found in young females differed markedly from that of adult females. &e obvious difference was the amplitude of the diurnal excursion. Whereas adult females demonstrated a peak of 59.90 =t 4.51 pg/I oo ml, prepubertal females showed only 24.16 =t 6.65 ,ug/Ioo ml. Another difference was the appearance of a peak at I IOO instead of at 1900.
To summarize between-group differences in resting levels of adrenal cortical secretion, mean corticosterone concentrations for 24 hr are shown in Table I . The mean 24-hr concentrations of both plasma and adrenal corticosterone were highest in rats with mature ovaries, i.e., in intact and sham-castrated females. According to analyses of variance performed on individual samples over comparable 24-hr periods, concentrations of both plasma and adrenal corticosterone were significantly higher (P < 0.001) in intact and sham-castrated females than in the remaining groups. No significant differences were found between groups without mature ovaries.
In prepubertal males, the pattern of adrenal concentration of corticosterone (Fig. 4R) included a peak at 1900, but otherwise it was similar to that observed in adult males. *4s in plasma, the 24-hr variations in the adrenals of young females were different from those of adult females. The absence of a more prominent peak at 1900 constituted the most conspicuous difference.
Body and adrenal weights are also summarized in Table I . Because of differences in body weights, relative adrenal weights were used. The adrenals of all females, intact, castrated, sham-castrated, and prepubertal, were heavier (P < 0.01) than those of corresponding groups of males. On a relative basis, the adrenals of both groups of 3o-day-old rats were heavier (P < 0.001) than those of adults of the same sex. Whereas adrenals were heavier in castrated than in control or sham-castrated males (P < 0.001 ), ovariectomy in females was not associated with a change in adrenal weight.
The variations
in pituitary ACTH concentration in prepubertal rats (Fig. 4C ) differed from those observed in adults. Young males had high levels in the early morning and there was a progressive decrease during the day as in adult males, but the value obtained at 2300 made the pattern discordant with that seen in mature males. The prepubertal females did not show the marked elevation in pituitary content of ACTH that was obtained in adult females. anesthesia.
The effects of pentobarbital on diurnal elevations in plasma and adrenal corticosterone are shown in As illustrated in Fig. 5 , intact rats of both sexes responded to the new pattern of illumination bv demonstrating a shift of about g hr in the phase of the corticosteroid rhythm. The peaks in plasma and adrenal corticosterone appeared at approximately 0300 instead of from 1500 to 1900.
The basis for the absence of a sex difference in adrenal concentration of corticosterone at 0300 is unknown.
Blinded rats (Fig. 6 ) failed to demonstrate an appropriate shift in steroid patterns and showed a tendency to retain some of the phase characteristics of the rhythm that was imposed prior to enucleation.
In ma!es, however, the peaks in plasma and adrenals occurred somewhat earlier than those in intact males exposed to the original lighting schedule. The females demonstrated relatively high plasma and adrenal levels at the first 0700 sampling; however, the highest concentrations were still obtained in plasma and adrenals at 1500, in spite of the change in lighting.
As summarized in Fig. 7 and I goo and the associated secondary peaks in plasma suggest that the adrenal cycles of these rats were essentially in phase with those of intact animals. While the temporal aspects of the 24-hr pattern of prepubertal males clearly corresponded to that of adult rats, those of the 3o-day-old females did not. The phase characteristics of the adrenal cvcle were obscured in these young females by the dissociation of plasma and adrenal peak values which appeared at I IOO and 2300, respectively. Allowing for differences in lighting conditions, the temporal and cluantitative features of the 24-hour pattern of plasma corticosterone in intact males were similar to those reported previously for unanesthetized male rats (I 4). The sex difference in the circadian rhythm of adrenal cortical function observed in these experiments is in agreement with results obtained in mice (I 9). Likewise, these results are consistent with the report of higher resting levels of plasma corticosterone in female than in male rats (23).
In the present studies, pentobarbital resulted in suppression of maximal diurnal elevations of plasma and adrenal corticosterone in both males and females. Both castrated and prepubertal females failed to show the marked excursions of plasma and adrenal corticosterone that were present in intact and shamcastrated females. Comparison of the mean 24-hr corti-'costeroid levels also points to the important role played by mature ovaries in the maintenance of the female pattern of resting adrenal cortical function:
while there were no differences between levels found in ovariectomized and prepubertal females and those found in any of the groups of males, the values observed in intact and sham-castrated females were significantly higher than those of all other groups.
Previous reports described decreased adrenal concentration of corticosterone following ovariectomy in rats (26) and mice (I 79, although no effect was observed on the corticosterone content of adrenal venous blood of rats by Telegdy et al. (33) .
The lower resting levels of plasma and adrenal corticosterone that were observed following ovariectomy were manifested in the absence of a change in adrenal weight. Spayed females, like intact and sham-operated females, had adrenals which were heavier than those found in males. A similar dissociation between maintenance of weight and secretory activity was reported by Sakiz (27) .
Although in these studies no differences were observed in corticosteroid concentrations of intact and castrated males, increased adrenal secretory activity following removal of testes has been described (28). Not only is the presence of mature ovaries an important factor in establishing the sex difference in resting adrenal cortical function, but cyclic variations in ovarian activity apparently lead to marked differences in corticosteroid secretion. The higher levels of plasma and adrenal corticosterone which were observed at proestrus suggest that estrogens may be primarily responsible for the femaletype circadian pattern. Such an effect of estrogens would be consistent with Holzbauer's report of an estrogeninduced increase in adrenal cortical secretion under corticosteroids in rats with intact visual pathways was due to a change in patterns of motor activity rather than a more direct influence of light on the pituitaryadrenal system. However, the former possibility may not be the case because Halberg and co-workers (20) reported that in mice the 24-hr changes in corticosterone concentrations precede those occurring in motor activity, and it has been suggested that the adrenal rhythm is preparatory to cyclic motor activity (I 8). The shift in the 24-hr pattern of corticosteroids that followed a change in phase of environmental lighting indicates that the nervous system, probably via the hypothalamo-pituitary axis, is involved in mechanisms underlying the circadian rhythm of adrenal cortical function.
Suppression of the diurnal elevation in corticosteroid levels in male and female rats following the administration of pentobarbital is compatible with the suggested participation of the nervous system in processes leading to the marked daily excursion in adrenal cortical secretion.
The evidence for a 24hr rhythm in levels of circulating leukocytes observed in the present studies is in agreement with previous findings in rats (I 4) . This 'apparent rhythmicity probably has its basis in cyclic variations m ad renal cortical secretory activity since the relationship between circulating corticosteroids and leukocytes is well documented (I I ). Of interest in regard to problems of 24-hr rhythms of endocrine activities are the several similarities that exist between processes leading to cyclic ovarian activity in the rat and those that are involved in the 24-hr variations in adrenal cortical activity. As appears to be the case with ACTH release under resting conditions, cyclic gonadotropin secretion leading to ovulation has characteristics of a 24-hr rhythmicity (7), is subject to regulation by environmental lighting rhythms perceived through the eyes (3, 2 I), is absent or diminished in prepubertal rats, and involves pentobarbital-sensitive neural mechanisms that are active in the afternoon under the lighting conditions used in these experiments (8). These similarities offer a basis for postulating that closely related neuroendocrine mechanisms are involved in the cyclic release of ACTH and gonadotropins. 
